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ABSTRACT: A series of microgel core-functionalized star-shaped polymers were synthesized by the
polymer linking reaction method in RuCl2(PPh3)3-catalyzed living radical polymerization. The synthesis
was achieved by the polymer linking reaction method; i.e., functionalized divinyl compounds were added
in situ to the solution of linear living poly(MMA)s prepared with the Ru(II)-catalyzed living radical
polymerization. The functionalized microgel cores thus obtained contained acrylamide and methacryl-
amide. Also, star polymers with varying densities of the microgel cores were prepared from diacrylamides
with various lengths and structures of the spacer, and by changing the relative amounts of MMA (arm
length) and divinyl compound (core size) to initiator, a variety of core-functionalized star polymers could
be obtained in high yield, These core-functionalized star-shaped polymers have f of 20-640, Mw of 3.3 ×
105-1.3 × 107, and Rz of 5-42 nm. These results indicated that the cores carry as many as 440-51 000
amide groups in microgel networks.

Introduction

Multiarmed polymers have been attracting interest
in various research fields, as their morphology, physical
properties, and perhaps functions may considerably
differ from those of the linear counterparts. Among them
are star (-shaped) polymers where linear polymeric
chains (arms) are radially attached onto a central
moiety (core).2 Living polymerization is one of the best
methods to synthesize a variety of star polymers of well-
defined architectures. It generally follows one of three
methods: (a) living polymerization from a multifunc-
tional initiator, (b) coupling reaction between linear
living polymers and a multifunctional coupling (termi-
nating) agents, and (c) linking reaction of linear living
polymers with a divinyl compound (linking agents) via
a soluble microgel core therefrom.3

Following the ample examples by living ionic prede-
cessors, star polymers4-20 can now be synthesized by
radical living polymerizations,21 and we have already
shown that our Ru(II) complex-mediated living radical
polymerization can be applied to the method (a)6,7 and
more recently to the method (c).16 In particular, we are
currently interested in the synthesis by the latter, the
so-called “microgel” or “polymer-linking” approach,22

because it provides us with a wide variety of star
polymers carrying a relatively large number (from 10
to 1000) of arms per molecule, though the arm number
here by definition involves a statistical distribution.
Equally important, because the synthesis starts with a
usual linear living propagation, it is rather straightfor-
ward to introduce functional groups into the pendant
or the terminal groups of the arm chains.

Another unique feature of the microgel approach is
that the core is usually a relatively large nanoscale
microgel, derived from the linking agents, into which
one may incorporate a large number of functional
groups, a stimulus-responsive network, cavities for
encapsulation, among others. Such designed and func-
tionalized cores may not readily be obtained by other

methods for star polymer syntheses. For example, these
“core-functionalized” star polymers may be synthesized
by using functional linking agents coupled with living
radical polymerization, thanks to the general tolerance
of radical processes toward polar functions (Scheme 1).
However, few of them have been reported in either ionic
or radical polymerizations.23

In this new series of papers, we will report the syn-
thesis, characterization, and functions of “core-function-
alized” star polymers obtained by the Ru(II)-mediated
living radical polymerization.24-28 This first paper dis-
cusses the feasibility of our synthetic approach for the
core functionalization (Scheme 1), using a series of
divinyl compounds in which the spacer, connecting two
vinyl groups, carries polar functions such as amides,
esters, and hydroxyl. Note that these functionalities
need not be protected. Thus, methyl methacrylate
(MMA) was polymerized with our typical Ru(II)-based
initiating systems, and the resulting living polymers,
without quenching and isolation, were allowed to react
with functional linking agents (1-7). We herein report
that this approach indeed leads to a series of “core-
functionalized” MMA star polymers in high yield (except
for 5) and with varying size and core architectures.
Discussion will be focused on the yield of the star
polymers as a function of the spacer structure and
reaction conditions, and the products are characterized
in terms of absolute molecular weights, average number
of arms per molecule, and radius of gyration.

Results and Discussion

Synthetic Feasibility of Core-Functionalized
Star Polymers. To examine the synthetic feasibility
of microgel core-functionalized star polymers by Ru(II)-
catalyzed living radical polymerization (Scheme 1), we
first utilized N,N′-methylenebis(acrylamide) (1) as a
linking agent and analyzed the products obtained at
each reaction step by size exclusion chromatography
(SEC) as well as 1H NMR and FT-IR spectroscopy.
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The first step was the now established living radical
polymerization of methyl methacrylate (MMA) with
(MMA)2-Cl (initiator) coupled with RuCl2(PPh3)3 (cata-
lyst) and Al(Oi-Pr)3 (additive) in toluene at 80 °C.27 The
product was a linear poly(MMA) (P*) with a controlled
molecular weight and a narrow molecular weight dis-
tribution (e.g., Mn ) 8.1 × 103; Mw/Mn ) 1.34; conversion
88%; 94 h) (Figure 1A). To this living polymer solution
(unquenched), a DMF solution of 1 (20 equiv to P*, r )
[1]0/[P*]0 ) 20) was added to induce a linking reaction.
1H NMR analysis of the product obtained after 1 h

showed that a block copolymer of MMA and 1 formed,
where a short linear segment of 1 was attached to the
starting PMMA, as observed as the olefin peaks (a) at
5.7-6.3 ppm (Figure 1F; also see Figure 1D for 1).
According to Scheme 1, the block copolymers are sup-
posed to undergo, subsequently, inter- and intramolecu-
lar linking reactions between the living end and a
pendant vinyl group, and this process turned out to be
very fast for 1. Thus, star polymers started to form
simultaneously, while block copolymers were still form-
ing (Figure 1B,C). As seen in Figure 1C, the major
product in 5 h was the intended star polymers, with
some block prepolymers remaining, and virtually no
olefin pendant groups were detected by 1H NMR (Figure
1G). These observations thus indicated the formation
of the star polymer with a microgel core from 1.

Because the near complete disappearance of the olefin
peaks might be caused by the restricted mobility of the
pendant groups in the dense microgel core, we further
analyzed the products obtained at each step by FT-IR
after fractionation by preparative SEC. Figure 2A-C
shows the spectra of 1, the linear living poly(MMA), and
the product obtained after a 5 h linking reaction, which
corresponded to the samples D, E, and G in Figure 1,
respectively. Figure 2C shows not only the absorptions
of the amide groups (3307 cm-1 for -NH-; 1672 cm-1

for -CO-) but also those of the ester groups (1731 cm-1)
derived from the poly(MMA) precursor. These results
support that the final products were the core-function-
alized star polymers with an acrylamide microgel core
and poly(MMA) arm chains.

Design of Acrylamide Linking Agents. As we have
shown for methacrylate-type linking agents,16 design of
the functionalized divinyl compounds is certainly im-
portant in the synthesis of the core-functionalized star
polymers in high yield and with desired core functional-
ity. For this, we compared acrylamide divinyl com-
pounds (1-4) with varying spacers: as with 1, com-
pounds 2 and 3 have soft aliphatic spacers of different

Scheme 1. Synthesis of Core-Functionalized
Star-Shaped Polymers by Polymer Linking Reactions

with Functionalized Divinyl Compounds

Figure 1. MWD and 1H NMR spectra of the products obtained from the reaction of living poly(MMA) with divinyl compound 1
in toluene/DMF (5/3, v/v) at 80 °C: [P*]0 ) 20 mM; DP (arm) ) 100; r ) [1]0/[P*]0 ) 20. (A) Living poly(MMA): [MMA]0 ) 2.0 M;
[(MMA)2-Cl]0 ) 20 mM; [RuCl2(PPh3)3]0 ) 10 mM; [Al(Oi-Pr)3]0 ) 40 mM; MMA conversion ) 88% in 94 h. (B, C) The products
recovered after addition of 1 in 1 h (B) and 5 h (C). 1H NMR spectra in CDCl3 at room temperature: (D) divinyl compound 1;
(E-G) samples A-C, respectively.
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lengths (1 < 2 < 3); 4 carries a rigid aromatic spacer.
When applied to the living poly(MMA) in a toluene/DMF
mixture (5/3 v/v) at 80 °C, the linking agents 2 and 3
gave star polymers in relatively high yields as 1 did
(Figure 3A-C). The shorter the spacer in the linking
agents, the higher the yield, i.e., 1 (78%) > 2 (74%) > 3
(68%). A longer aliphatic spacer might induce intramo-
lecular cyclization and result in lower yield as observed
with the methacrylate-type liking agents.16

Divinyl compound 4 led to star polymers in high yield
in a relatively short time (2 h) (Figure 3D, dash-dotted

line). However, they underwent further linking reaction
(star-star coupling) to produce soluble products of
higher molecular weights (Figure 3D; yield 90%). They
exhibited intensive UV absorptions (Figure 3D, dashed
line), which indicated that most of 4 was incorporated
into the microgel core.

Polymer Characterization. The absolute molecular
weights (Mw), the arm numbers (f), and the gyration
radii (Rz) of the star polymers were characterized by
multiangle laser light scattering (MALLS) coupled with
SEC in DMF (Table 1). From samples obtained in
similar yield (70-80%), higher molecular weight frac-
tions (star polymers) were fractionated by preparative
SEC. A typical example of fractionation is shown in
Figure 4.

The obtained star polymers had Mw of 3.3 × 105-1.5
× 106 and Rz of 17-21 nm. The average number (f) of
arms per star polymer was then calculated from Mw by
MALLS/SEC and the Mw of the starting linear PMMA
by SEC.16 Thus, the star polymers from 1-4 have
22-82 arms/molecule. Especially, the star polymers
from 4 (with a hard aromatic spacer) had obviously
higher values of Mw, f, and Rz than those from 1-3 (with
aliphatic segments).

The overall and apparent Mw determined by SEC was
lower than those by MALLS, which is consistent with
the expectation that the star polymers were more
compact than the linear counterparts with the same
molecular weights. This obvious conclusion was sup-
ported by the difference between the refractive index
(RI) and the light scattering (LS) detectors traces of the
star polymers in MALLS/SEC analysis (Figure 5),
because the RI response only depends on the concentra-
tions of molecules, whereas LS depend on the molecular
weights as well as the concentrations of samples.

From these trends, 4 seems to be the most effective
linking agent among the four, but the star polymers
with 4 consist of aliphatic arm chains and an aromatic

Figure 2. FT-IR spectra at room temperature: (A) divinyl
compound 1; (B) living poly(MMA); (C) the final product
obtained at 5 h after addition of 1. See Figure 1 for the reaction
conditions.

Figure 3. Core-functionalized star polymers obtained from
living poly(MMA) with various acrylamide divinyl compounds
(1-4) in toluene/DMF (5/3, v/v) at 80 °C: [P*]0 ) 20 mM; DP
(arm) ) 100; r ) 10.

Table 1. Star-Shaped Polymers with Various Acrylamide Microgel Coresa

divinyl
compd timeb (h)

Mw (arm)
(SEC)c

Mw/Mn
(arm)

Mw (star)
(SEC)

Mw (star)
(MALLS)d

dn/dce

(mL/g) f f Rz
g (nm)

yieldh

(%)

1 35 12 200 1.29 102 000 407 000 0.067 28 16.9 76
3 50 12 200 1.29 94 700 329 000 0.064 22 78
4 2 13 300 1.35 156 000 1 460 000 0.077 82 20.7 84

a Reaction conditions: [P*] ) 20 mM; DP (arm) ) [MMA]0/[P*]0 ) 100; r (core) ) [divinyl compound]0/[P*]0 ) 10 with RuCl2(PPh3)3 and
Al(Oi-Pr)3 in the mixture of toluene and DMF (5/3 v/v) at 80 °C. b After addition of divinyl compound into the reaction solution of living
poly(MMA). c Size-exclusion chromatography. d Multiangle laser light scattering. e Refractive index increment. f Arm numbers per molecule
) (mole fraction of MMA) × Mw(star)/Mw(arm). g Mean radius of gyration by MALLS. h Calculated from the areas of SEC curves.

Figure 4. Fractionation of core-functionalized star polymers
by SEC. The original sample from Figures 3D.
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microgel core, which might cause the difference in
refractive index between the two moieties and thereby
cause errors in MALLS/SEC analysis.29 In the following
part of this study, we therefore utilized 1, an aliphatic
linking agent that also gave star polymers in high yield
as does 4.

Core Sizes and Arm Lengths. Core-functionalized
star polymers with various arm lengths and core sizes
could be synthesized by changing the following two
factors, among others:16 the average degree of polym-
erization of arm chains (DP ) [MMA]0/[P*]0 ) [MMA]0/
[initiator]0) and the mole ratio of a linking agent to P*
(r ) [1]0/[P*]0); the latter determines the core size.
Figure 6 summarizes nine experiments where the two
factors were systematically varied.

First, the yield of star polymers was examined as the
ratio r was changed while the arm length (DP) was
kept constant. The products were obtained at 25 h after
1 had been added. The yield increased as r increased.
For example, in the series B, E, and H for DP (arm) )
100, the yield increased from 75% (B) to 91% (H) as r
was increased from 10 to 40. Note, however, that a too
large r led to an insoluble gel (Figure 6G) due to a too
high amount of the linking agent. The yield also
increased as the degree of polymerization of arm chains
(DP) increased while r kept unchanged. For example,
in the series A-C with r ) 10, the yield similarly
increased from 64% (A; DP ) 50) to 74% (C; DP )
200). Thus, appropriate design of the reaction condition
was important for the synthesis of the star-shaped
polymers with various core sizes and arm length in high
yields.

Table 2 summarizes MALLS/SEC characterization
results for the five samples given in Figure 6. The
absolute molecular weight Mw ranged from 3.9 × 105 to
1.3 × 107, the arm numbers f from 20 to 640, and the
gyration radii Rz from 5 to 42 nm. In the first three
samples with the same arm DP, Mw clearly increased
with increasing r, which in turn led to increasing arm
number f (up to > 640) as well as increasing Rz. In
particular, sample H is an extremely large star polymer
of Mw > 1.3 × 107 (MALLS), more than 640 arms per
molecule, and Rz as large as >42 nm. The Mw values
were almost unchanged by the sample concentrations
and around (1-2) × 107. This may exclude the possibil-
ity of aggregation of the star polymers under the
measurement conditions. Such a high molecular weight
might be ascribed to possible star-star coupling reac-
tion while the SEC curves did not indicate that this is
the main cause. A simple calculation from r and f shows
that this polymer’s core contains more than 5.1 × 104

() r × f × 2 ) 40 × 637 × 2) amide groups on average,
which are confined into a microgel sphere with a radius
smaller than 42 nm (<Rz). Though less impressive than
this, other samples listed in Table 2 also carry large

Figure 5. MALLS and SEC curves of the fractionated core-
functionalized star polymers obtained from living poly(MMA)
and 1, 3, and 4. See Figure 3 for the reaction conditions.

Figure 6. Star-shaped polymers with various functionalized core sizes and arm lengths obtained from living poly(MMA)s and 1
in toluene/DMF (5/3, v/v) at 80 °C: DP (arm) ) [MMA]0/[P*]0; r ) [1]0/[P*]0; [P*]0 ) 20 mM. Polymerization conditions: [MMA]0
) 1.0 M-4.0 M; [(MMA)2-Cl]0 ) 20 mM; [RuCl2(PPh3)3]0 ) 10 mM; [Al(Oi-Pr)3]0 ) 40 mM; [1]0 ) 200-400 mM. (A-C): DP )
50-200; r ) 10. (D-F): DP ) 50-200; r ) 20. (G-I): DP ) 50-200; r ) 40.
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numbers of core functions in relatively large star
polymers.

The dependences of f and Rz on r and DP are
visualized in Figure 7, which overall indicates that the
ratio r (or the core size) is the primary factor that
controls the star polymer formation.

Other Functionalized Microgel Cores. In addition
to the bifunctional acrylamides (1-4), other divinyl
compounds were examined as functionalized linking
agents: an acrylamide (5) with two hydroxyl groups in
the spacer, a methacrylamide (6) similar to 1, and
methacrylate (7) with a spacer hydroxyl group. Solu-
tions of these compounds (5 and 6: in DMF, 7: in
toluene) were added into a well-defined living poly-
(MMA) to produce core-functionalized star polymers in
25 h. Figure 8 shows the results.

For example, amide 5 led to star polymers in a poor
yield (Figure 8A), although it had a structure similar
to 2 (Scheme 1), an acrylamide that gave star polymers

efficiently (Figure 3B). The methacrylamide 6 and the
methacrylate 7, in contrast, gave high yields (>85%;
Figure 8B,C). These results showed that the star
polymers with various functionalized microgel cores
(some with both amides and hydroxyls) could be syn-
thesized by the design of linking agents.

Conclusions We have demonstrated that core-func-
tionalized star poly(MMA)s can be synthesized in high
yields by the linking reaction between living poly-
(MMA)s and various functionalized divinyl compounds
in the Ru(II)-catalyzed living radical polymerization.
Acrylamide-, methacrylamide-, and methacrylate-type
functionalized divinyl compounds were suited for the
synthesis, and thereby amide and alcoholic functions
can be incorporated into microgel cores. Additionally,
these star polymers have extremely large molecular
weights, and perhaps more important, their cores carry
a large number (up to 5.1 × 104) of polar functional
groups that are confined at a high concentration into a
presumably spherical microgel core. The characteriza-
tion and functions of these cores in the star polymers
will be the subjects of our forthcoming publication.

Experimental Section

Materials. Methyl methacrylate were of commercial source
(Tokyo Kasei; purity >99%), dried overnight over calcium
chloride, and purified by double distillation from calcium
hydride before use. (MMA)2-Cl was prepared according to the
literature.26 Divinyl compounds (1: Tokyo Kasei, purity >98%;
5: Aldrich, purity >97%; 6: Tokyo Kasei) were purified
recrystallization from methanol. Divinyl compound 2 (Aldrich)
was used as received. Divinyl compound 7 (Aldrich, purity
>85%, a mixture of isomers) was purified by passing through
an inhibitor removal column (Aldrich; catalog no. 30, 631-2)
before use.

Divinyl compound 3 was prepared with slight modification
of a reported method:30 In a 300 mL round-bottomed flask filled
with dry nitrogen, a solution of acryloyl chloride (Tokyo Kasei,
purity >95%; 26.3 mL, 0.326 mol) in acetonitrile (50 mL) was
added dropwise to a solution of 1,4-diaminobutane (Tokyo
Kasei, purity >98%; 13.1 g, 0.149 mol) in acetonitrile (50 mL)
at 0 °C. The reaction mixture was stirred at 0 °C for 30 min
and then at 25 °C for an additional 4 h to give a white solid
product. This product was filtered off, washed with acetonitrile
(200 mL), and dried under vacuum. The white powder was
then recrystallized from a mixture of methanol and water (7/
3, v/v at -28 °C).

Divinyl compound 4 was prepared as follows: In a 500 mL
round-bottomed flask filled with dry nitrogen, acryloyl chloride
(Tokyo Kasei, purity >95%; 25.7 mL, 0.318 mol) was added
dropwise to a solution of 4,4′-methylenedianiline (Aldrich,
purity >97%; 25.3 g, 0.128 mol) and triethylamine (Tokyo
Kasei >99%; 70.8 mL 0.511 mol) in ether (200 mL) at 0 °C.
The reaction mixture was stirred at 0 °C for 30 min and then
at 25 °C for an additional 12 h to give a yellow solid product.
This product was filtered off, washed with ether (300 mL), and
dried under vacuum. The yellow powder was then recrystal-
lized from methanol at -28 °C. 1H NMR (500.16 MHz, DMF-

Table 2. Star-Shaped Polymers with Various Core Sizes and Arm Lengthsa

sample in
Figure 6 DPb rc

Mw (arm)
(SEC)d

Mw/Mn
(arm) (SEC)

Mw (star)
(SEC)

Mw (star)
(MALLS)e

dn/dcf

(mL/g) fg Rz
h (nm) yieldi (%)

B 100 10 12 700 1.34 140 000 670 000 0.067 45 12.8 75
E 100 20 12 700 1.34 243 000 1 210 000 0.069 71 13.3 87
H 100 40 13 700 1.34 639 000 13 300 000 0.074 637 41.9 91
C 200 10 28 800 1.20 245 000 730 000 0.061 23 11.9 74
A 50 10 8 430 1.26 130 000 394 000 0.074 34 5.20 64

a Reaction conditions: MMA and divinyl compound 1 with (MMA)2-Cl/RuCl2(PPh3)3/Al(Oi-Pr)3 in the mixture of toluene and DMF
(5/3, v/v) at 80 °C. b Average degree of polymerization of arm chains (DP ) [MMA]0/[P*]0 ) [MMA]0/[initiator]0). c Mole ratio of linking
agent to P* (r ) [1]0/[P*]0). d Size-exclusion chromatography. e Multiangle laser light scattering. f Refractive index increment. g Arm numbers
per molecule. h Mean radius of gyration by MALLS. i Calculated from the areas of SEC curves.

Figure 7. Arm number (f) and gyration radius (Rz) of core-
functionalized star polymers as functions of DP (arm) and r
(core).
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d7): δ 3.91 (s, 2H, CH2), 5.72, 6.31 (d, 4H, CH2, Japp ) 9.9 and
16.8 Hz, respectively), 6.53 (dd, 2H, CH, Japp ) 10.1, 17.0 Hz),
7.20 (d, 4H, CH, Japp ) 4.0 Hz), 7.69 (d, 4H, CH, Japp ) 4.0
Hz), 10.18 (s, 2H, NH).

RuCl2(PPh3)3 (Merck, >99%) and Al(Oi-Pr)3 (Aldrich,
>99.99%) were used as received. These compounds were
handled in a glovebox under a moisture- and oxygen-free argon
atmosphere (H2O < 1 ppm, O2 < 1 ppm). Toluene (solvent)
and internal standards for gas chromatography (n-octane for
MMA) were dried overnight over calcium chloride and distilled
twice from calcium hydride. DMF (Wako, infinite pure; solvent
for 1-6) was used as received. The solvents bubbled with dry
nitrogen for more than 15 min immediately before use.

Polymerization Procedures. The polymerization was
carried out by the syringe technique under dry nitrogen in
baked glass tubes equipped with a three-way stopcock. A
typical procedure with (MMA)2-Cl/RuCl2(PPh3)3/Al(Oi-Pr)3/1
follows: The polymerization was initiated by adding MMA
(0.428 mL), n-octane (0.075 mL), a solution of (MMA)2-Cl
(0.048 mL, 832 mM in toluene), and Al(Oi-Pr)3 (0.64 mL, 125
mM in toluene) in toluene, sequentially in this order, into
RuCl2(PPh3)3 (0.8 mL, 25 mM in toluene) in toluene at 25 °C.
Immediately after mixing, the mixture was placed in an oil
bath kept at 80 °C. After the polymerization had reached over
ca. 88% conversion in 94 h, a solution of 1 (1.0 mL, 0.8 M in
DMF) was added to the unquenched solution. The reaction was
terminated by cooling the mixture to -78 °C. The conversion
of the MMA was determined from the concentrations of the
residuals measured by gas chromatography with the internal
standards as n-octane. The conversion of 1 was determined
from the ratio of the peak areas of the olefin groups derived
from 1 to those of DMF by 1H NMR spectra (1 was consumed
ca. 100% after 25 h). The quenched reaction mixtures were
diluted with toluene (ca. 20 mL) and rigorously shaken with
an absorbent [Kyowaad-2000G-7 (Mg0.7Al0.3O1.15); Kyowa Chemi-
cal] (ca. 5 g) to remove the metal-containing residues. After
the absorbent was separated by filtration (Whatman 113V),
the filtrate was evaporated to dryness to give the products,
which were subsequently dried overnight under vacuum at
room temperature. For example, the yield of the products
obtained at 25 h after addition of 1 under the condition for
Figure 3 was 54% due to partial loss of polymers by the
absorbent. The Mn and Mw/Mn values for the higher molecular
weight fraction of the products were 1.02 × 105 and 1.40,
respectively (1 in Table 1).

Polymer Characterization. The MWD, Mn, and Mw/Mn

ratios of the polymers were measured by SEC in DMF
containing 10 mM LiBr at 40 °C (flow rate: 1 mL/min) on three
linear-type polystyrene gel columns (Shodex KF-805L; exclu-
sion limit ) 5 × 106; pore size ) 20-1000 Å; 0.8 cm i.d. × 30
cm) that were connected to a Jasco PU-980 precision pump, a
Jasco RI-930 refractive index detector, and a Jasco UV-970

UV/vis detector set at 256 nm. The columns were calibrated
against 13 standard poly(MMA) samples (Polymer Laborato-
ries; Mn ) 200-1 200 000; Mw/Mn ) 1.06-1.22) as well as
MMA monomer. 1H NMR spectra were recorded in CDCl3 at
25 °C on a JEOL JNM-LA500 spectrometer, operating at
500.16 MHz. Polymer samples for 1H NMR and MALLS
analysis were fractionated by preparative SEC (column: Sho-
dex K-5003). The weight-average molecular weight (Mw) of the
polymers was determined by multiangle laser light scattering
(MALLS) in DMF containing 10 mM LiBr at 40 °C on a Dawn
E instrument (Wyatt Technology; Ga-As laser, λ ) 690 nm).
The refractive index increment (dn/dc) was measured in DMF
at 40 °C on a Photal DRM-1020 refractmeter (Otsuka Elec-
tronics; λ ) 690 nm, c < 8.0 mg/mL). Some values are found
in Tables 1 and 2. Infrared spectra were recorded on a Perkin
Elmer System 2000 FT-IR.
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